INTRODUCTION
The best possible restoration of mobility and locomotor function represents the cornerstone of rehabilitation programmes following a lower limb amputation (LLA) (1) . Thus, there is increasing interest in psychometrically sound outcome measures of mobility in people with LLA, in order accurately to monitor the impact of therapeutic interventions, in particular of prosthetic trials.
Different approaches have been applied to assess prosthetic mobility (2) . They include performance tests (such as the 2-minute walk test (3), the "Timed Up and Go" test (4) , and the L Test of Functional Mobility (5)), functional categorizations of ambulation (usually based upon the amount of personal assistance needed and type of aids used) (6) , and multi-item ordinal scales (relying on patient reports or observations/examinations by health professionals) (7, 8) . There are strengths and limitations associated with each approach (2, 7) . One advantage of self-report measures and questionnaires in subjects with LLA is that they allow postal follow-up of long-term results after hospital discharge (9) (10) (11) .
Among self-report scales investigating locomotor capabilities of people with LLA wearing prostheses, 3 measures have lately received attention in the literature: the Houghton scale (8) , the Locomotor Capabilities Index (7, 12, 13) and the Mobility Section of the Prosthesis Evaluation Questionnaire (PEQ-MS) (7, 9, 13, 14) . A recent study (7) showed that reliability and validity of the 3 scales are acceptable for group level comparison (according to the classical test theory), but the same study proposed refinements of PEQ-MS and recommended further investigation of its psychometric characteristics, in particular of the best response options.
For a more in-depth validation of basic measurement properties (e.g. scaling properties, internal construct validity, and item bias), outcome measures are increasingly being investigated in practical healthcare applications (15, 16) with respect to their fit to Rasch model requirements (17, 18) .
The objective of this study was to perform a Rasch analysis of the PEQ-MS in patients with LLA, in order to investigate the quality of the rating categories and the instrument's validity (unidimensionality and internal construct validity) and reliability. This approach aims to provide the rationale for revising and improving the measurement qualities of this outcome measure designed to capture the overall locomotor ability of people with LLA while wearing a prosthesis.
MATERIALS AND METHODS

Subjects
A questionnaire was posted to 144 subjects who had undergone LLA in the previous 5 years and were consecutively treated by the hospital and prosthesis centre of INAIL (National Institute Against Industrial Injuries and Occupational Diseases) in Vigorso di Budrio-Bologna, Italy. The pre-selection criteria were that subjects: (i) had to have completed the rehabilitation period and prosthetic training programme at least 6 months before the start of the study; (ii) have been using the prosthesis and have been without mental or physical conditions that would restrict the use of assistive devices for walking, when discharged from rehabilitation and during follow-up; (iii) had to be 20-80 years old; (iv) had to be living in the community; (v) had to be able to read and write. If subjects did not return the questionnaire within 4 weeks a second posting took place, and 20 days later a telephone call was made to non-respondents as a last reminder.
One hundred twenty-three persons out of the 144 study invitees (85%) returned the questionnaire, 111 (77%) at first request. This response rate can be considered excellent (11) , and in previous research has been demonstrated as sufficient to eliminate significant non-response biases from the research sample (19) .
Instruments
The Mobility Section of the PEQ (PEQ-MS) is part of the Prosthesis Evaluation Questionnaire (PEQ), a self-administered questionnaire designed for comprehensive evaluation of persons with amputations "with regard to their prostheses and their prosthesis-related quality of life". It comprises 82 questions, subdivided into 10 scales related to 4 content areas: prosthesis function (4 scales), mobility (2 scales), psycho-social aspects (3 scales), and well-being (1 scale) (9, 20) . The PEQ-MS consists of 2 scales (ambulation 8 items; transfer 5 items) that can be combined into a single mobility measure (7) . It evaluates the perceived potential for mobility using prosthetic devices over the past 4 weeks. A typical question is "Over the past 4 weeks, rate your ability to…". Most questions in the PEQ use a visual analogue scale (VAS) format, scored as a continuous numerical variable measured as the distance in mm from the left-hand end-point of the 100-mm line to the point at which the respondent's mark crosses the line. This VAS format is unfamiliar and not easily understood by many groups of patients (particularly those with limited education) (7, 21) , whereas the postal version of a self-report questionnaire needs to be very easy to complete without assistance (11) . For these reasons, we converted, as in previous studies (5, 7, 14) , the original VAS format to an 11-step 0-10 numeric rating scale, in order to reduce problems in administration and scoring (22) . The end-points were labelled "0 = not able, or hardly able at all (less than 5% of ability)" and "10 = no problems or almost fully able (more than 95% of ability)", in an endeavour to reduce end-aversion bias (23) . As suggested by both the authors of the questionnaire (9) and Miller et al. (7), a summary score was calculated as the arithmetical mean of scores from all the questions.
To check the construct validity of the Rasch-refined version of the PEQ-MS, patients were also asked to complete some items from the Prosthetic Profile of the Amputee (PPA), a widely used questionnaire developed and validated for follow-up studies in LLA (13, (24) (25) (26) . The PPA items were:
• # 11 -Locomotor Capabilities Index (LCI). The LCI is a scale that has often been used separately from the general instrument (7, 26) . It comprises 14 questions (phrased as "Would you say that you are able to do the following activities with your prosthesis on?") evaluating subjects' capability in performing different postural tasks and locomotor activities. We adopted the version with a 5-point ordinal scale (ranging from "0 = not able" to "4= able to accomplish the activity without aids") because of its better psychometric properties compared with the original version (12) . A composite measure representing the global locomotor ability level is obtained by adding the individual scores assigned to each activity (possible maximum score = 56) (7, 12, 26) ;
• # 12 -prosthetic wear (defined as the number of hours the prosthesis was worn per week) (25); • # 14b and 16b -active use of prosthesis, indoors and outdoors respectively (defined as the percentage of ambulatory activities performed with the prosthesis daily: approximately 0%, 25%, 50%, 75% and 100%) (25); • # 18 -distance walked non-stop (6-level ordinal scale, from "I do not walk" to "not limited") (25) . Other questions selected from the PPA questionnaire (10, 24, 25) , about sociodemographic variables (marital status, education level, employment, income status, etc.), associated medical conditions and amputation-related factors -were also recorded.
Statistical analysis
The median and interquartile range (25th-75th percentile) were used as a measure of central tendency and variability of the score distribution, respectively, given the ordinal nature of the measures (27) . Internal consistency was examined through Cronbach's coefficient alpha (23) .
The matrix of single raw scores of the PEQ-MS for each subject underwent Rasch analysis through the Winsteps software (28) . The following topics were analysed: • Rating scale diagnostics. As a first step, we investigated whether the rating scale of the PEQ-MS was being used in the expected manner. Our a priori hypothesis was that more categories exist in the scale than are needed to describe the construct (23, p. 36).
The following criteria -suggested by Linacre (29) -were used to judge this parameter: (i) at least 10 cases per category; (ii) even distribution of category use; (iii) monotonic increase in both average measures across rating scale categories and thresholds. Thresholds, sometimes also called step calibrations, are the ability levels at which the response to either of 2 adjacent categories is equally likely; (iv) category outfit mean square values less than 2 (see the following paragraph); (v) threshold differences higher than 1.4 logit units and lower than 5. Categories were collapsed following specific guidelines, and several patterns of categorization were compared, looking not only at the above indicators of category diagnostics but also at best reliability indices (see below) (30).
• Reliability and validity. Reliability was evaluated in terms of "separation" (G), defined as the ratio of the true spread of the measures with their measurement error (17, 30) . The item-separation index gives an estimate (in standard error units) of the spread or "separation" of items along the measurement construct; the personseparation index gives an estimate of the spread or separation of persons along the measurement construct. This index reflects the number of "strata" of measures which are statistically discernible. A separation of 2.0 is considered good and enables the distinction of 3 groups or strata, defined as segments whose centres are separated by distances greater than can be accounted for by measurement error alone [number of distinct strata = (4G + 1)/3] (17). A related index is the reliability of these separation indices, providing the degree of confidence that can be placed in the consistency of the estimates (range 0-1; coefficients > 0.80 are considered good, and > 0.90 excellent) (30) . After the revision of the rating scale categories, validity was analysed by evaluating the fit of individual items to the latent trait as per the Rasch modelling (unidimensionality) and determining whether the pattern of item-difficulties was consistent with the model expectation. For Rasch analysis it is reported that a sample size of about 100 persons will estimate item-difficulty with an alpha of 0.05 to within + 0.5 logits (31) .
Depending on the string of responses provided by a particular sample of subjects on a particular sample of items, the Rasch model estimates goodness-of-fit (or simply "fit") of the real data to the modelled data. Information-weighted (infit) and outlier-sensitive (outfit) mean-square statistics (MnSq) for each item were calculated (similarly to a χ 2 analysis) to test if there were items that did not fit with the model expectancies. In accordance with the literature, we considered as an indicator of acceptable fit MnSq > 0.6 and < 1.4: items outside this range were considered misfitting (MnSq ≥ 1.4) or overfitting (MnSq ≤ 0.6) (see below) (30) .
The next step in the Rasch analysis was to calculate the level of difficulty achieved by each item (item-difficulty) and where each individual subject fits along the continuum (subject ability). Itemdifficulty and patient ability are expressed -on a common interval scale -in logit units, a logit being the natural logarithm of the ratio (odds) of mutually exclusive alternatives (e.g. pass vs fail, or higher vs lower response) (17, 30) .
Finally, to test the construct validity of the Rasch-refined version of the PEQ-MS, we correlated its score with LCI and other PPA items (Spearman's r s , corrected for ties) (27) , hypothesizing a good to excellent correlation with LCI (the constructs measured by the 2 scales are both related to ability in locomotor activities with the prosthesis) and a fair to moderate degree of relationship with the other PPA items measuring factors associated with prosthetic wear and use (25) . Table I shows the main socio-demographic characteristics of the 123 persons who returned the envelope. The median value (25th-75th percentile) of the PEQ-MS was 6.6 (4.9-8.1) on a 0-10 scale; 5 out of the 123 subjects (4%) showed the PEQ-MS maximum score and nobody the minimum score.
RESULTS
Some levels of the item's rating categories in PEQ-MS did not comply with the pre-set criteria for category functioning (average measures, thresholds, etc.) (Fig. 1A and Table II) . For this reason, the 11 original PEQ scale categories were combined in different ways until the criteria were best met. This was obtained using 5 categories and adopting the following rescaling: 0 = 0; 1-3 = 1; 4-6= 2; 7-9 = 3; 10 = 4. The 5 resulting categories roughly represent the following levels: 0 = not able or hardly able at all (less than 5% ability)"; 1 = high difficulty (5-34% ability); 2 = moderate difficulty (35-64% ability); 3 = little difficulty (65-95% ability); 4 = no problems or almost fully able (more than 95% ability). Fig. 1B shows category probability curves after the collapsing procedure.
Rasch analysis showed that 12 of the 13 PEQ-MS items fitted the unidimensional construct that the scale was intended to measure (MnSq between 0.6 and 1.4) ( Table III) . The item "Shower/bathe" was misfitting (Infit MnSq = 1.59; Outfit Mnsq = 1.55). The revised scale including only the 12 items of the PEQ-MS fitting the Rasch model (all but the item "Shower/bathe") constitutes a new Rasch-refined instrument with an original 5-level response format, the PEQ-MS12/5 (see Appendix).
The reliability indices for the PEQ-MS before and after the phase of rating-scale modification and item reduction are shown in Table IV . The reliability indices of PEQ-MS12/5 presented comparable values with those of the PEQ-MS; all item and person reliabilities were ≥ 0.95. The items of both versions were distributed into more than 10 difficulty strata. 
Fig. 1. Category probability curves of the Prosthesis Evaluation Questionnaire -Mobility Section (PEQ-MS). (A) Original scale with 11 categories (0-10). (B)
Revised scale after collapsing into 5 categories, 0-4 (PEQ-MS12/5). The y-axis represents the probability (0 to 1) of responding to one of the rating categories and the x-axis represents the different performance values (person ability minus the item difficulty), in logits. The "0" curve declines as the subject's ability increases; the crossing point (where 0 and 1 are equally probable) is the first "threshold". The same applies for the other curves. The plot should look -as in Fig. 1B -like a range of hills, each with an "emerging" top. It can be seen from Fig. 1A that the probability of using the central categories is never higher than that of adjacent ratings (except for category 5). Conversely, in Fig. 1B it can be seen that the probability of selecting each of the 5 revised rating categories (0-4) is now a clear function of the level of ability shown by the subject in the x-axis. Correspondingly, the "thresholds" are ordered as intended (e.g. a greater ability is required when the most likely response is 1 rather than 0, 2 rather than 1, etc.). 
Rasch analysis of a new mobility scale for amputees
Furthermore, PEQ-MS12/5 was able to distinguish more than 5 levels of patient ability (very low, low, average, high, very high) in this study sample.
Regarding the hierarchic ordering of items, Fig. 2 shows the distribution map of subject ability and item-difficulty of PEQ-MS, according to the Rasch model. Subjects' ability levels (average measure = 1.33) spanned more than 10 logits (from -3.85 to +6.94 logits): distribution was symmetric around the mean. The mean error estimate for the person ability levels was 0.48; as expected, in the near-maximum scores (6.63 logits) the standard error (SE) was higher (SE = 1.08, about 16% of the corresponding measure). Item-difficulty estimates spanned 4.32 logits (from -1.97 to +2.35 logits) (see Table III , including SE for each item). The lowest difficulty threshold estimate (step from category 0 to 1) of item 10 "Sit down and get up from a chair with a high seat" (the easiest activity) was near -5 logits, whereas the highest threshold (step from category 3 to 4) of item 8 "Walk on slippery surfaces" (the most difficult activity) was about 6 logits. The ability levels of the study sample were rather well-matched with the difficulty levels of the items, except for those participants above 6 logits, for whom mobility (at least as analysed with PEQ-MS) does not appear to be a problem.
Regarding the construct validity of the PEQ-MS12/5, this new scale strongly correlated with LCI (r s = 0.78), and showed a moderate but significant correlation with the other PPA items (#12 -frequency of prosthetic wear: r s = 0.59, #14b -active use of prosthesis indoors: r s = 0.43, #16b -active use of prosthesis outdoors: r s = 0.41, and #18 -distance walked non-stop r s = 0.48; p < 0.001 for all). The original 11-level PEQ-MS presented similar, but slightly lower, correlations (not shown).
DISCUSSION
Previous analyses performed according to the classical test theory demonstrated that the PEQ-MS has high internal consistency and test-retest reliability and shows convergent validity, as it correlated with the 2-minute walking test, the Timed Up and Go Test, the Activity-specific Balance Confidence Scale, and the LCI (7, 13, 14) . These preliminary studies recommended further investigation of the psychometric characteristics of the scale. In particular, Miller et al. (7) suggested additional research in this field using a demanding approach such as Rasch analysis. The purpose of our study was to perform a Rasch analysis of PEQ-MS in patients with LLA in order to improve it by refining the rating scale, distinguishing items belonging to the same construct, verifying the expected difficulty hierarchy of items, and analysing test reliability. The results demonstrate that the newly designed scale PEQ-MS12/5 show psychometric properties that compare favourably with those of the original PEQ-MS, despite a 1-item reduction and rating scale simplification.
As expected, the 11 categories of PEQ-MS showed some disordered thresholds and had to be collapsed in order to comply with the pre-set quality criteria for rating categories (29) . Disordered thresholds suggested that the questionnaire was unable to distinguish subjects' abilities as finely as suggested by the 11 response categories. Proper collapsing usually improves the measure (30) , eliminating the redundancy of under-utilized rating categories and ensuring that each rating category represents a distinct level of ability, compared with the adjacent ones (32, 33) . As an example, a recent Rasch study showed that a 4-category (instead of 7-category) Functional Independence Measure (FIM™) scale might be even more precise in measuring the level of dependence in the routine clinical setting (32) . Similar problems and solutions have also been illustrated recently by Zhu (34) .
After collapsing the categories, the data were analysed again in order to extract Rasch-modelled parameters of ability and difficulty, and the validity and reliability issues were faced again.
One item of the PEQ-MS ("Shower/bathe") proved, in fact, to be "misfitting", i.e. poorly related to the measured underlying dimension. The misfit could be due, among other reasons, to its being part of another construct, poorly written, or too sensitive to confounding factors (27, 35) . We suggest the elimination of this item for both statistical and content reasons, because this task is sensitive to cultural and environmental factors. Indeed, a similar misfit was observed for the item "Bathing" of the Rivermead Mobility Index in both patients after stroke (36) and LLA (37) .
No item was "overfitting" (MnSq < 0.6), i.e. too predictable in its responses, hence little informative. Overall, these findings confirm the general adequacy of the item selection made by the original authors (9) , and the correctness of combining the 2 PEQ scales (ambulation and transfer) into a single mobility measure (7) . The items provide pertinent clinical information with regard to the actual level of performance of subjects with LLA. The person ability and item-difficulty map for PEQ-MS (Fig. 1) showed a wide logit range for both these variables. The targeting and spread of item-difficulty and the high person-separation reliability showed that the scale is appropriate for measuring with satisfactory precision persons with a wide variety of functional ability. The 4% of subjects with extreme maximum scores -the 5 "X" at the top of the left-hand column in Fig. 2 -constitute a minor trend toward a ceiling effect in very highly functioning subjects (the precision of their ability estimates is lower but still acceptable: the error is about 16% of the corresponding measure). Similarly, the high item-separation reliability indicates that great confidence can be placed also in the replicability of item-placement across future samples. Moreover, the Cronbach's alpha values also indicate that both PEQ-MS and PEQ-MS12/5 have excellent internal consistency: the same value (0.96) with and without item 13 is further evidence that this item is not informative and can be deleted.
As a further demonstration of the construct validity of PEQ-MS12/5 (and also PEQ-MS), the general hierarchic arrangement found by Rasch analysis in the present report is consistent with clinical expectations. For example, "Walk on slippery surfaces" (item 8) was selected as the most demanding task; also, seat height influenced the item-difficulty of rising from a chair (item 11 more difficult than item 10). In addition, the PEQ-MS12/5 showed -as expected -a strong correlation with LCI (due to the close relationship between the From bottom to top measures indicate greater mobility (for patients) and greater difficulty (for items), respectively. By convention, the average difficulty of items in the test is set at 0 logits (and indicated with M'). Accordingly, a candidate with average ability is indicated with M. The higher the difference between the patient's and item's measure, the higher the score expected.
constructs measured by the 2 scales, both related to the ability in locomotor activities with prostheses) and a fair to moderate degree of relationship with the other variables associated with prosthetic use, such as frequency of prosthetic wear, active use of prosthesis, and distance walked non-stop.
In conclusion, Rasch analysis allowed the improvement of the rating scale of PEQ-MS (through category diagnostics) and the identification of those items that are most useful to measurement of the intended construct (as per the indexes of unidimensionality and internal construct validity), and it showed that one can place confidence in the consistency (reliability) of both person ability and item-difficulty estimates obtained by the PEQ-MS12/5. Further studies are needed. They should include: (i) analysis of the actual performance of the new response structure, because collapsing 11 categories to 5 is not the same as presenting 5 categories to respondents; (ii) a study of differential item functioning, i.e. the stability of item hierarchy across sub-samples defined according to potentially relevant clinical criteria (e.g. age, type of prosthesis, etc.) (38). 
